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•  The	
  broad	
  band	
  spectra	
  seen	
  by	
  Fermi	
  does	
  
not	
  fit	
  into	
  any	
  of	
  the	
  frameworks	
  of	
  exisBng	
  
models.	
  

•  Fermi	
  results	
  forces	
  us	
  to	
  re-­‐think	
  of	
  quesBons	
  
that	
  were	
  thought	
  to	
  be	
  solved.	
  



• What	
  we	
  (thought	
  we)	
  know	
  before	
  Fermi	
  ?	
  

• What	
  are	
  the	
  basic	
  quesBons	
  ?	
  

• What	
  we	
  (don’t)	
  know	
  now	
  ?	
  



DuraBon:	
  few	
  s	
  

Variability:	
  >~10	
  ms	
  

Observed	
  Flux:	
  ~10-­‐7	
  -­‐	
  10-­‐4	
  erg	
  cm-­‐2	
  s-­‐1	
  

Typical	
  observed	
  energy:	
  <~	
  MeV	
  

Spectrum:	
  non-­‐thermal	
  

RedshiY	
  measurements	
  -­‐>	
  	
  
	
  at	
  cosmological	
  distances	
  	
  
Eiso~1052-­‐1054	
  erg	
  ! 
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40	
  s	
  

150	
  s	
  

60	
  s	
  

10keV	
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  0.5	
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5	
  s	
  

“Band”	
  funcBon:	
  	
  
Broken	
  power	
  law	
  (4	
  free	
  parameters)	
  
	
  -­‐-­‐	
  good	
  fit	
  to	
  (narrow	
  band)	
  spectra	
  



1.  Transients;	
  dura@on	
  few	
  seconds;	
  no	
  repe@@on	
  

2.  Cosmological	
  

3.  Energe@c:	
  ~1052	
  –	
  1054	
  erg	
  

4.  Lightcurve:	
  zoo;	
  variable	
  

5.  Spectrum:	
  non-­‐thermal;	
  	
  
-­‐-­‐	
  extends	
  up	
  to	
  >GeV;	
  peaks	
  at	
  sub-­‐MeV	
  

4+5:	
  	
  large	
  L.F.,	
  Γ>∼100 

6.  AWerglow	
  

7.  	
  SNe	
  connec@on	
  (to	
  some)	
  



High optical depth: τ>1 Low optical depth: τ<1 

EG	
  	
  	
  	
   	
  Ek	
  	
  	
  	
  	
  	
  	
  Eγ 
    (ΕΒ)	
  

• Paczynski	
  (1986);	
  Goodman	
  (1986);	
  Rees	
  &	
  Meszaros	
  (1992,	
  1994);	
  	
  	
  

Pros:	
  	
  
In	
  qualitaBve	
  agreement	
  with	
  all	
  obs;	
  	
  
Obtain	
  AG	
  as	
  a	
  predicBon	
  

Cons:	
  	
  
No	
  quanBtaBve	
  explanaBon	
  of	
  obs.	
  (Emission	
  ?)	
  
Some	
  parts	
  are	
  not	
  explained	
  at	
  all	
  (e.g.,	
  parBcle	
  acc.)	
  
Some	
  parts	
  are	
  ‘problemaBc’	
  (e.g.,	
  Internal	
  shocks)	
  	
  



4.	
  How	
  are	
  GRBs	
  connected	
  to	
  
	
  	
  other	
  objects	
  	
  ?	
  
Stellar	
  evoluBon,	
  star	
  formaBon,	
  	
  
host	
  galaxies,	
  pop-­‐III	
  stars,	
  SNe,	
  
Binaries,	
  GW,	
  cosmic	
  rays,	
  ν’s…	
  

5.	
  GRBs	
  and	
  basic	
  physics:	
  
	
  Cosmology,	
  Lorentz	
  violaBon,…	
  

1.	
  Progenitor	
  /Central	
  engine	
  

2.	
  Jet	
  launching	
  mechanism;	
  	
  
	
  	
  	
  	
  -­‐	
  jet	
  composiBon	
  

3.	
  Jet	
  dynamics,	
  dissipaBon	
  	
  
	
  	
  	
  	
  	
  	
  &	
  radiaBve	
  processes	
  	
  

Basic	
  
	
  (GRB	
  )	
  
physics	
  

Source	
  of	
  energy	
  

KineBc	
  energy	
  (jet)	
  

DissipaBon	
  

	
  RadiaBon	
  



1.  Nature	
  of	
  the	
  progenitor:	
  	
  
	
  	
  Collapsar	
  ?	
  Magnetar	
  ?	
  BH-­‐BH	
  /	
  BH-­‐NS	
  /	
  NS-­‐NS	
  Merger	
  ?	
  

2.  	
  Jet	
  launching	
  mechanism:	
  	
  
	
  	
  photons	
  ?	
  magneBc	
  (Blandford-­‐Znajek)	
  ?	
  Neutrino	
  heaBng	
  ?	
  	
  

3.  Why	
  relaBvisBc	
  speeds	
  ?	
  	
  	
  	
  	
  	
  	
  ΓGRB	
  >~100,	
  ΓAGN	
  <~30	
  	
  

4.  Jet	
  composiBon:	
  Leptonic	
  ?	
  Hadronic	
  ?	
  PoynBng	
  –	
  flux	
  dominated	
  ?	
  

5.  DissipaBon	
  mechanism:	
  efficiency	
  problem	
  in	
  internal	
  shocks	
  

6.  RadiaBve	
  processes:	
  understanding	
  the	
  broad	
  band	
  spectrum	
  
-­‐>	
  parBcle	
  acceleraBon	
  	
  	
  

Apart from the general framework:  
EG -> Ek -> Eγ + AG, 

 the details of the fireball model are highly uncertain !!  



1.  Nature	
  of	
  the	
  progenitor:	
  	
  
	
  	
  Collapsar	
  ?	
  Magnetar	
  ?	
  BH-­‐BH	
  /	
  BH-­‐NS	
  /	
  NS-­‐NS	
  Merger	
  ?	
  

2.  	
  Jet	
  launching	
  mechanism:	
  	
  
	
  	
  photons	
  ?	
  magneBc	
  (Blandford-­‐Znajek)	
  ?	
  Neutrino	
  heaBng	
  ?	
  	
  

3.  Why	
  relaBvisBc	
  speeds	
  ?	
  	
  	
  	
  	
  	
  	
  ΓGRB	
  >~100,	
  ΓAGN	
  <~30	
  	
  

4.  Jet	
  composiBon:	
  Leptonic	
  ?	
  Hadronic	
  ?	
  PoynBng	
  –	
  flux	
  dominated	
  ?	
  

5.  DissipaBon	
  mechanism:	
  efficiency	
  problem	
  in	
  internal	
  shocks	
  

6.  RadiaBve	
  processes:	
  understanding	
  the	
  broad	
  band	
  spectrum	
  
-­‐>	
  parBcle	
  acceleraBon	
  	
  	
  

Apart from the general framework:  
EG -> Ek -> Eγ + AG, 

 the details of the fireball model are highly uncertain !!  

We see photons ! Have to deduce all the rest !! 



The GBM detects ~250 GRBs/year (~540 total)	


~18% short	


~50% in the LAT FoV	


The LAT detects ~10 GRBs/year: 20 total as of today 	



GBM	
  8	
  keV	
  -­‐	
  40	
  MeV	
  
LAT	
  	
  ~50	
  MeV	
  -­‐	
  300	
  GeV	
  

<~10%	
  of	
  GRBs	
  
	
  are	
  detected	
  by	
  LAT	
  

Fermi GRBs as of Aug 2010 

See	
  Preece	
  &	
  Omodei	
  talks	
  



SwiY	
  
XRT	
  

BATSE	
  

CGRO-­‐EGRET	
  

SwiY	
  
BAT	
  

I.    Since 2000, no coverage of the spectral peak; 
II.     >MeV data became available  



1   High energy photons ~30 GeV   High Γ ~ 1000���

2  Delayed onset of high energy emission���
  ✪  Long-lived high-energy emission���

3  Spectrum: ���
Multiple distinct emission components + cut-offs ���
Photospheric emission revealed in prompt spectra	



Main results from Fermi observations 

See	
  Preece	
  &	
  Omodei	
  talks	
  

See	
  Hascoet’s	
  	
  talk	
  



Abdo et al. 2009, Science 323, 1688 Abdo et al. 2009, Nature 462, 331 
GRB 080916C (long)	

GRB 090510 (short)	



8-­‐260keV	
  

0.26-­‐5MeV	
  

LAT	
  all	
  events	
  

>100	
  MeV	
  

>1GeV	
  

Delay: ~0.5s 	

 Delay: ~5s 	



Many GRBs show a delayed onset!	



Delayed	
  onset	
  of	
  the	
  high	
  energy	
  emission	
  	
  



	
  	
  	
  	
  090902B (Abdo+09)                                    080916C(Abdo+09) 



	
  	
  	
  	
  090902B (Abdo+09)                                    080916C(Abdo+09) 
Qualita@ve	
  	
  
difference	
  

Extended	
  	
  	
  
Broken	
  power	
  law	
  

(“Band”)	
  

vs.	
  

“Steep”	
  broken	
  P.L.	
  
	
  (Thermal)	
  +	
  

extra	
  component	
  



BATSE	
  

BATSE	
  	
  
spectral	
  range	
  

	
  	
  	
  	
  090902B (Abdo+09)                                    080916C(Abdo+09) 



see	
  Preece	
  &	
  Nava’s	
  talks	
  



Inconsistent	
  with	
  
sync.	
  origin	
  

see	
  Preece	
  &	
  Nava’s	
  talks	
  





Idea:	
  a	
  heaBng	
  mechanism	
  below	
  	
  
the	
  photosphere	
  modifies	
  the	
  Planck	
  spectrum	
  



Geometrical	
  broadening:	
  ‘photosphere’	
  is	
  NOT	
  
	
  a	
  single	
  radius,	
  but	
  is	
  3-­‐d	
  



see	
  Asano’s	
  talks	
  

Sync+SSC	
  
+Thermal	
  ComptonizaBon	
  



                      090510(Abdo+09); Short !                      Lightcurve of LAT photons 	
  



     080916C(Abdo+09) 

1.  Need a refine data analysis: 
‘hidden’ component - ?	
  

2.  Need a refine theory; 
Origin of emission mechanism –  
Still unclear ! 

     Evidence for magnetized outflow ? 



     080916C(Abdo+09) 



1.  Nature	
  of	
  the	
  progenitor:	
  	
  
	
  	
  Collapsar	
  ?	
  Magnetar	
  ?	
  BH-­‐BH	
  /	
  BH-­‐NS	
  /	
  NS-­‐NS	
  Merger	
  ?	
  

2.  	
  Jet	
  launching	
  mechanism:	
  	
  
	
  	
  photons	
  ?	
  magneBc	
  (Blandford-­‐Znajek)	
  ?	
  Neutrino	
  heaBng	
  ?	
  	
  

3.  Why	
  relaBvisBc	
  speeds	
  ?	
  	
  	
  	
  	
  	
  	
  ΓGRB	
  >~100,	
  ΓAGN	
  <~30	
  	
  

4.  Jet	
  composiBon:	
  Leptonic	
  ?	
  Hadronic	
  ?	
  PoynBng	
  –	
  flux	
  dominated	
  ?	
  

5.  DissipaBon	
  mechanism:	
  efficiency	
  problem	
  in	
  internal	
  shocks	
  

6.  RadiaBve	
  processes:	
  understanding	
  the	
  broad	
  band	
  spectrum	
  
-­‐>	
  parBcle	
  acceleraBon	
  	
  	
  

Apart from the general framework:  
EG -> Ek -> Eγ + AG, 

 the details of the fireball model are highly uncertain !!  



1.  Nature	
  of	
  the	
  progenitor:	
  	
  	
  	
  	
  	
  	
  	
  ConBnuous	
  works;	
  further	
  constraints	
  by	
  higher	
  Γ	
  

2.  	
  Jet	
  launching	
  mechanism:	
  	
  	
  	
  	
  	
  ConBnuous	
  works;	
  interest	
  in	
  magne@c	
  models	
  	
  

3.  Why	
  relaBvisBc	
  speeds	
  ?	
  	
  	
  	
  	
  	
  	
  	
  	
  SBll	
  unclear	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

4.  Jet	
  composiBon:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  SBll	
  unclear;	
  many	
  possibiliBes	
  

5.  DissipaBon	
  mechanism:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  More	
  than	
  a	
  single	
  region;	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Connec@on	
  between	
  prompt	
  and	
  early	
  AG	
  

7.  RadiaBve	
  processes:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Interest	
  in	
  photospheric	
  models;	
  	
  	
  	
  	
  
-­‐>	
  parBcle	
  acceleraBon	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  constraints	
  by	
  lack	
  of	
  LAT	
  detecBon	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

FERMI’s driven works 



•  The	
  broad	
  band	
  spectra	
  seen	
  by	
  Fermi	
  does	
  
not	
  fit	
  into	
  any	
  of	
  the	
  frameworks	
  of	
  exisBng	
  
models.	
  

•  Fermi	
  results	
  forces	
  us	
  to	
  re-­‐think	
  of	
  quesBons	
  
that	
  were	
  thought	
  to	
  be	
  solved.	
  



Sync.	
  emission	
  from	
  a	
  single	
  electron	
  (Ginzburg	
  &	
  Syrovatskii,	
  1965):	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  P(ν)~ν1/3	
  (ν<<νc)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ↓	
  
νFν	
  ~	
  να,	
  α<=4/3	
  
∂Fν/∂ν	
  ~	
  να,	
  α<=-­‐2/3	
  

Data:	
  (Preece+,	
  2000)	
  	
  

(α)       (∂Fν/∂ν)	



Inconsistent	
  with	
  	
  
synchrotron	
  interpretaBon	
  



Data:	
  (Preece+,	
  2000)	
  	
  

(α)   	



Low	
  energy	
  spectral	
  slope	
  -­‐	
  
Inconsistent	
  with	
  	
  
synchrotron	
  interpretaBon	
  

If	
  the	
  sub-­‐MeV	
  peak	
  is	
  due	
  to	
  synchrotron:	
  
Electrons	
  are	
  injected	
  above	
  energy	
  Em;	
  
They	
  radiate	
  -­‐>	
  cool	
  down	
  

Cooling	
  rate:	
  

Steady	
  state:	
  

€ 

dnel (E,t)
dt

=
∂
∂E

nel
∂E
∂t

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ ;         

∂E
∂t

= P(sync,Comp)∝ E 2

→nel (E)∝ E −2

→P(ν)∝ν −(p−1)/ 2 ∝ν −1/ 2

Back	
  >>	
  

∂Fν/∂ν	
  ~	
  να,	
  α<=-­‐3/2	
  



SwiY	
  
XRT	
  

BATSE	
  

BATSE-­‐EGRET	
  

CGRO	
  -­‐	
  BATSE:	
  20	
  keV	
  –	
  2	
  MeV	
  	
  EGRET	
  -­‐	
  TASC:	
  1-­‐	
  200	
  MeV	
  

SwiY	
  –	
  XRT:	
  0.2-­‐10	
  keV,	
  BAT:	
  15-­‐150	
  keV	
  

SwiY	
  
BAT	
  

I.    Since 2000, no coverage of the spectral peak; 
II.     >MeV data became available  


